construction materials which are extensively used for stabilization of soils. Recently different modern technologies such as nanoparticles were used for stabilization of the soils [3] . Sakr et al. [18] studied the geotechnical and mineralogical properties of a lime treated high organic soft clay soil and showed that with increasing the curing age and lime percent, unconfined compressive strength increases. Furthermore, the required lime content for satisfactorily stabilization of the high organic soft clay was found to be 7%. Amer et al. [7] showed that with the addition of 6% lime, both the swell percent and swell pressure reduced to zero. Rabbani et al. [15] evaluated the use of Grand Granulated Blast Furnace Slag (GGBFS) and lime in stabilizing desert silty sand for possible use in geotechnical engineering applications, especially for roadways and railways constructions. Results indicated that the swelling behavior of mixtures was decreased effectively. Thus mixture of GGBFS and lime can be suggested to improve engineering characteristic of desert silty sands. Ji-ru and Xing [11] investigated the individual and admixed effects of lime and fly ash on the geotechnical characteristics of expansive soil. The results of experiment showed that as the amount of lime and fly ash is increased, there is an apparent reduction in maximum dry density, free swell and swelling capacity under 50 kPa pressure, and a corresponding increase in the percentage of coarse particles, optimum moisture content and CBR value. Mohamedzein et al. [13] presented that the engineering properties of the desert sands can be improved significantly by the addition of incinerator ash. Saltan and Findik [19] used the pumice of the Isparta-Karakaya as stabilization material in the subbase layer and showed that pumice can be used as subbase material of highway and the stabilization material when building highway and every kind of road. Lin et al. [12] used sewage sludge ash (SSA) and hydrated lime to stabilize soft cohesive subgrade soil. To do this, five different ratios of sludge ash to hydrated lime including; 0, 2, 4, 8, and 16% by weight were added to the cohesive soil. The results indicated that the unconfined compressive strength of treated specimens increased from three to seven times. Also, it was observed that 95% of CBR values of treated samples were close to high bearing capacity subgrade soil materials. Zhang et al. [20] presented that lignin has a great potential to improve engineering properties of silt and shows a promising prospect as a new environmentally friendly soil stabilizer. Curing time and lignin content have significant influence on the basic engineering properties and microstructural characteristics of the lignin stabilized silt. The optimum content of lignin for foundation silt in Jiangsu Province of China is approximately 12%. Bagherian et al. [9] studied the effects of rice husk ash (RHA) on Atterberg limits, compaction characteristic, shear strength and bearing capacity of soils. They showed that by adding of 4-6% of lime and various percentages of RHA to the soil, CBR values increases significantly. Baghdadi and Rahman [8] studied the effects of cement kiln dust (CKD) on geotechnical properties of dune sand. The results of tests showed that by addition of CKD, compressive strength and CBR values increases significantly. Chen and Lin [10] mixed incinerated sewage sludge ash (ISSA) with cement in a ratio of 4:1 and added this mixture with a soft and cohesive subgrade soil in four different rates of 2, 4, 8 and 16% They showed that unconfined compressive strength of specimens with the ISSA/cement addition improved approximately 3-7 times. In some samples, the ISSA/cement additive improved the CBR values by up to 30 times. Sewage sludge ash (SSA) is also a kind of synthetic pozzolanic materials which could be used successfully used for stabilization of soils [14] . In this research the effects of a natural pozzolan and lime were investigated for stabilization of a silty sand soil.
Materials and methods

Preparation of the materials
First, silty sand soil sample, pozzolan and lime were the main materials used in this research. The soil sample was provided from the road of Jandagh-Garmsar situated in central desert area of Iran. The index properties and mineralogical characteristics of the soil sample were presented in Tables 1 and 2 . The Pozzolan used in this research is a natural kind of pozzolan provided from Abyek Cement Factory. The natural pozzolan was pulverized and passed from sieve No. 60 (0.25 mm). Also the lime was provided from Qom Lime Factory as hydrated form. X-ray diffraction (XRD) tests performed in order to determine the minerals of lime and pozzolan, as presented in Table 3 . The gradation curves of the powdered pozzolan and studied soil are shown in Fig. 1 . 
Preparation of the treatments
Considering that main purpose of the research is surveying effects of different contents of lime and pozzolan on characteristics of the soil and assessing suitable mixture for stabilization, numerous treatments were prepared and tested. For this purpose, four different levels of pozzolan including; 0, 5, 10 and 15% by dry weight of soil and also five different levels of lime; 0, 1, 3, 5 and 7% were mixed to the soil and so that 20 different mixtures (treatments) were prepared. Details of the treatments were presented in Table 4 .
Laboratory tests
Unconfined compressive strength and California Bearing Ratio, CBR, tests were used for assessing the mechanical behavior and characteristic of the treated specimens. Harvard miniature compaction test apparatus having 3.1 cm in diameter by 7.1 cm height was used for construction of unconfined compressive strength test specimens. To do this, standard compaction test, according to ASTM D1557-02, was performed to determine the maximum dry density (MDD) and optimum moisture content (OMC) of the treated soil samples. Then treated soils containing OMC were placed in the mold at 5 equal layers and each layer was compacted with 16 impacts of standard hammer. Figure 2a shows Harvard miniature compaction test apparatus and prepared cylindrical specimens. Then, the specimens were cured in plastic bag for 7, 14, and 28 days. Considering 3 replication for each treatment and 3 different curing ages, totally 180 test specimens were prepared and tested with a constant speed rate uniaxial test apparatus as shown in Fig. 2b . CBR tests were done in accordance with ASTM D1883-99 on different treatments at curing age of 14 days and under 2 different moisture condition of optimum moisture content and saturated. For the last condition, the CBR specimens were saturated for 4 days under 5.8 kg overburden pressure after curing time. The swelling of specimens was negligible to start the test so the samples were fixed in loading setting and penetration was carried out with a rate of 1.25 mm/min. Figure 2c shows CBR test apparatus used in this study.
Results and discussion
Compaction tests
As mentioned in previous section, standard compaction test was performed in order to determine the effect of lime and pozzolan on optimum water content and maximum dry density of treated soils. Figures 3 and 4 show the effects of pozzolan on OMC and lime on MDD of treated soil samples typically. It was found that the optimum moisture content, OMC, of the samples increases and maximum dry density, MDD, decreases as pozzolan and lime content increases. By increasing the amounts of additives, which is very finer than silty sand soil, the treated sample tend to be finer and having bigger void ratio and thereby causes the increasing of OMC. Increasing of OMC will always lead to decrease the maximum dry density as the specific gravity of soil and additives particles Fig. 3 The effects of pozzolan and lime on OMC and MDD Fig. 4 The effects of lime on MDD are more than water. In the performed tests the value of OMC, increases from 9.96% for natural soil to 13% for P15L7 treatment. This finding confirms the earlier findings of different researchers (e.g. [5] ).
Unconfined compressive strength test
The variations of unconfined compressive strength of different treatment at different curing times are presented in Table 5 . Also the variations of unconfined compressive strength versus lime and pozzolan contents are illustrated in Figs. 5 and 6, respectively. In Fig. 5 , it is observed that increasing of lime content causes significant improvement in compressive strength of the soil at in all of the pozzolan contents, and the maximum strength is achieved at 5% lime approximately. Figure 6 indicates that pozzolan without lime cannot affect the compressive strength significantly, while in the samples containing lime, increasing of pozzolan content lead to increasing of compressive strength and the maximum compressive strength increases as the pozzolan content increases.
As it is obvious from Table 5 , almost in all of the treatments, by increasing the curing time, compressive strength increases while in the treatments containing only pozzolan, curing time doesn't affect the compressive strength, considerably. But in the samples containing lime, the strength of the samples is increased with curing time proportionally. Furthermore, it is found that the improvement of compressive strength in samples treated by pozzolan and lime with together is higher than those having only lime or pozzolan. It means that the application of lime and pozzolan with together is more efficient for strengthening of the silty sand soil. In addition, the rate of compressive strength growth is very high up to 2 weeks and after that it becomes gentle and even in some cases, it doesn't change.
In order to compare the effects of pozzolan and lime with curing time more precisely, the experimental data were statistically analyzed by the commonly used statistical software, SPSS. The results of statistically analysis of presented in Tables 6, 7 , 8, and 9. Table 6 shows that there is no significant difference between replications at a significance level of 0.01 or with a probability level of 99%. But, there is significant difference between compressive strength of treatments containing different levels of lime, pozzolan and curing ages Also, the table reveals that various parameters; i.e. lime, pozzolan and curing age; affect the compressive strength, significantly, meanwhile there exist interactions between these parameters. Tables 7, 8 and 9 show mean comparison analysis using Duncan method for assessment of the effect of Pozzolan, lime and curing ages on compressive strength of treatments. Table 6 indicates that in various curing time, by increasing pozzolan content, compressive strength increase where, by addition 5% pozzolan the average compressive strength of the samples increases from 3.96 to 8.20 kg/cm 2 ; i.e. more than 2 times; and then after it has less influences. Table 7 shows that lime percent based on the value of compressive strength can be classified in three subsets: no lime, extreme values of lime (7 and 1%) and medium lime (3 and 5%). According to this classification, the lime content of 3% which is in the third subset is assigned as the optimum lime content. The point to be mentioned is that, by adding only 1% lime, average compressive strength of the samples increases Table 8 presents the compressive strength increases as the curing age increase where at 28 days, the maximum value is achieved.
California Bearing Ratio tests
As mentioned earlier, CBR tests were performed on different treatments at curing age of 14 days and under 2 moisture condition of optimum water content and saturated. The effects of pozzolan and lime contents on CBR values are presented in Figs. 7 and  8 , respectively. Figure 7 shows the variation of CBR for the samples containing 5% lime and different content of pozzolan in both conditions of optimum water content and soaked after 14 days. It is clearly obvious from the Fig. 7 that the CBR values increases by increasing pozzolan content. Also, Fig. 8 indicates that in the samples containing 10% pozzolan, CBR values increases by increasing lime percentage, whereas for lime percentages more than 5%, CBR values decreases. Totally, it is revealed that by adding lime and pozzolan admixtures to the soil, CBR values increases significantly. For example; CBR values of the treatment P15 + L5 were 120 and 63 in optimum moisture and saturated conditions respectively which are 9 and 12 times of corresponding CBR value of natural 
